A dual simultaneous photometric-conductometric detector for microfluidic chip is reported. Two different detect methods confocal LIF and moveable C 4 D were combined together. They shared a common detection cell and could respond simultaneously. The dual detector offered possibility of measurement one analyte in two different ways and was advantageous in analyses of mixtures containing organic and inorganic ions. To improve the separation efficiency, pinch injection was carried out by a series of electrokinetic manipulations. Rhodamine B was used to evaluate the performance of the dual detector. The dual detector had highly sensitivity and could offer simultaneous information.
INTRODUCTION
Various types of microfluidic devices and detection techniques have been used in micro-total analysis systems (μ-TAS) or lab-on-a-chip [1] , with the aim of developing miniature-sized bio/chemical systems, which have numerous potential benefits including low regent consumption, high sensitivity, automation of processes, and short analysis time [2] . As one of the most important parts in microchip, many detection methods have been investigated, such as fluorescence detection, electrochemistry and mass spectrometry [3] . LIF is the most widespread detection method because of its high sensitivity (especially the confocal LIF mode) and ease of coupling with a microchip [4] . Besides, C 4 D is receiving increased attention, because it is a versatile and sensitive method and can be easily miniaturized on the microchip. This method provides a means to measure some ions that are not easily detected by fluorescence. The moveable C 4 D could detect the single at different points along the separation channel and could offer distinct improvements [5] .
As the field of microfluidic devices continuous its rapid developments, there are urgent needs for developing combined detection systems. Due to the diversity of components in real samples, it is usually difficult to determinate all components by using a single detection method. A variety of dual detector schemes have thus been proposed for capillary electrophoresis (CE) [6, 7] , but rarely in connection with microfluidic chip [8] [9] [10] [11] . Wang and Pumera [8] described a dual conductivity/amperometric microchip detection system to offer simultaneous detection of both electroactive and ionic species. Ewing's group [9] demonstrated a simultaneous LIF and amperometric detection in microchip CE. Wang's group [10] demonstrated a simultaneous electrochemical and electrochemiluminescence detection scheme for both microchip and conventional CE systems. Using a blue light-emitting diode as excitation source, Chen et al. [11] recently reported a compact dual fluorescence and conductivity detector which sensitivity was not high. Up to now, none has combined the highly sensitive confocal LIF and moveable C 4 D together for microfluidic chip.
In this paper, we report a novel dual detector with simultaneous confocal LIF and moveable C 4 D at the same place of the microfluidic chip. The LIF was designed according to the confocal principle and the C 4 D was performed using a moveable electrode plate. The coupling of the two detection methods offered possibility of measurement one analyte in two different ways for making obtained results more reliable. Moreover, it facilitated the measurement of analytes with different physical properties, so it could enhance the detection characterization of sample and could offer simultaneous detection information of both ionic and fluorescent compounds. The detection conditions were optimized and the injection conditions within the microchannel were studied. The performance was demonstrated by simultaneous detection of Rhodamine B. The limit of detection (LOD) were less than 5 nM (S/N=8) and 0.1 μM(S/N=6) of confocal LIF and C 4 D respectively.
EXPERIMENTAL

Reagents
The Borax run buffer solution (10 mM, pH 9.0) was prepared. prepared by dissolving it in the run buffer. All solutions were filtered using 0.2 μm syringe filter before use. All reagents used were analytical grade. The homemade dual confocal LIF/C 4 D detector consisted of a photometric detection system, a conductometric detection system and the high voltage supplier and date acquisition system, displayed in details in Fig. 1 . For the photometric detection system, a 532-nm semiconductor laser (output power 50 mW) was used as light source. The laser power was adjusted by a circular variable attenuator. The laser beam was passed through a 532-nm band-pass filter (Shenyang HB Optical Technology Co., Shenyang, China), reflected by two mirrors (one was dichroic mirror) and focused by a high NA objective (0.65 NA, 2.95-mm-long working distance, Chongqing MIC Optical & Electrical Instrument Co.) to form a small spot (about 0.1 mm) in the separation channel. Alignment of the microchip position was adjusted by an X-Y-Z translation stage (Beijing Optical Instrument Factory, Beijing, China). The excited fluorescence was collected by the same objective, then passed though the same dichroic mirror (DM575, Shenyang HB Optical Technology Co.), a spatial filter (diameter 500 μm) and two pieces of 580 nm long-pass filters (Shenyang HB Optical Technology Co.) before being detected by a photomultiplier tube (PMT CR114, Hamamatsu, Japan).
Experimental setup
For the conductometric detection system, the C 4 D was performed using a moveable electrode plate containing two electrodes. An Agilent 33120A function generator (Agilent, Palo Alto, CA) was used for generating a sinusoidal signal (usually with a frequency of 289 kHz and with peak-to-peak amplitude of 5 Vp-p) applied to one of the electrodes. The electronic circuitry was connected to another electrode. The circuitry was designed according to the reported scheme [12] and completed by adding a low-pass filter followed by a changeable gain amplifier. There were three options for amplificatory multiple of inductive current: 300X, 600X and 1500X. The electronic circuitry was placed in a shielding box to protect the electronics from external electric fields.
The high voltage supplier with an adjustable voltage range between 0 and +5000V was used for sample injection and separation. A HP 34970A data acquisition system (Agilent, Palo Alto, CA) was used for collecting both fluorescence and conductometric signals simultaneously. Data treatment was performed using HP BenchLink DataLogger program.
Design of the detection cell
A cross-pattern PMMA microfluidic chip with 50 mm of separation channel and 8 mm of injection channel was used, shown in Fig. 2 . The dimensions of the channel are 25 μm deep, 125 μm wide at the top, and 75 μm wide at the bottom. One side of the channel was covered by a 50 μm-thin PMMA membrane. The dual detector shared a common detection cell, shown in details in Fig. 2 . The electrodes on the moveable plate were two rectangular-shaped, 10 μm-thick copper films (0.8 mm×28.2 mm), which were fabricated on a PMMA plate by vacuum vapor deposition method, with a distance of 800 μm between them. The electrodes were placed in an antiparallel orientation and the end side of the electrodes was widened to 4 mm to facilitate the electrical connection. Two copper wires were fixed at the end side of the electrodes using silver paint and then a quick-setting epoxy. The electrode plate could move along the separation channel, and detection in different position of the channel would also be available. 
Procedure
The channels of the PMMA chip were sequentially flushed with 0.1 M NaOH, deionized water, and 10 mM borate buffer before use. Sample reservoir was filled with the sample solution and others with run buffer solution. The chip was placed on a homemade Polyvinyl Chloride platform fixed on the X-Y-Z stage. The chip position was adjusted to make the focus point of the laser in middle of the two electrodes. Then the chip was operated under sample injection and separation process by a series of electrokinetic manipulations.
RESULTS
Electrokinetic injection techniques
The separation efficiency of the microfluidic chip is influenced to a significant degree by the flow field conditions within the injection microchannel. Handing of the fluid is generally carried out by a series of electrokinetic manipulations. An understanding of the mechanisms governing electrokinetic manipulations is beneficial in the design and operation of microfluidic devices. With the pinched injection, the volume of the sample plug can be accurately controlled and is time independent, enabling a constant volume to be injected [13] . For the pinched injection, potentials were applied to the analyte, the buffer, and the waste reservoirs with the analyte waste reservoir grounded in order to control the injection plug shape. In the separation step, the potential was applied to the buffer reservoir with the waste reservoir grounded and with analyte and analyte waste reservoirs at appropriate potential. 
Equations 1and 2 can quickly calculate each electric potential required in the injection and separation steps. After the analyte has been pumped electrophoretically and electroosmotically from the analyte reservoir to the analyte waste reservoir with the buffer from the buffer reservoir and the waste reservoir traveling toward the analyte waste reservoir, the voltages are manually switched from the injection step to the separation step. In Fig. 3 the image shows a separation of fluorescein within the separation channel. The injection plug length depends largely on both the flow pattern of the analyte and the dimensions of the injection cross. The volume of the injection plug is about 100 pL with pinched injection. The sensitivity of LIF depends on various parameters [4] . To develop our high-sensitivity LIF detection system, a highefficiency PMT and a relatively high NA objective with lower magnification for high collection efficiency of emitted photons were used, and excitation laser power was optimized so as not to overly saturate photon emission from fluorophores. A linear range of two orders of magnitude (from 8 nM to 0.8 μM; correlation coefficients, >0.998) was obtained for Rhodamine B, and the limit of detection (LOD) was less than 5 nM (S/N=8) (as shown in Fig. 4 ), which sensitivity was lower than that of photo counting model detection (8.5 pM) [14] and much higher than absorbance detection (0.95 μM) [15] , LIF optical fiber detection(0.1 μM) [16] and photothernal technique detection (2 μM) [17] for Rhodamine B. The results demonstrated high reproducibility and sensitivity.
Photometric part of the dual detector
Conductometric part of the dual detector
Response of the C 4 D was strongly dependent upon the frequency and amplitude of the applied voltage. The optimum working frequency must be found experimentally for the given detector design and set of conditions. The influences of the applied ac voltage frequency on peak area and signal-to-noise rate (SNR) were shown in Fig. 5 . The curves were plotted over the 0-500 kHz range for Rhodamine B. The peak area increased slowly between 60 and 190 kHz, then more rapidly (reaching the maximum at 289 kHz), and decreased sharply thereafter. When the frequency was lower than 60 kHz, there was no response for any running buffer or sample. The SNR had the same tendency as the peak area (except at 240 kHz). High frequency or high voltage would induce unstable response and baseline drift, which could lead to the decrease of SNR. The effect of the applied ac voltage amplitude on the peak area and SNR were illustrated in Fig. 6 The intensity of the response and the relative peak value would be remarkably increased with increasing the amplificatory multiple. The amplificatory multiple of 600X was chosen because the most favorable response characteristics could be achieved at this amplificatory multiple. A linear range of nearly two orders of magnitude (from 0.25 μM to 20 μM; correlation coefficients, >0.997) was obtained for Rhodamine B, and the LOD was 0.1 μM(S/N=6), which sensitivity was higher than that of inorganic ions detection (about 1 μM) reported using C 4 D [8, 11] . 
Simultaneous detection
CONCLUSIONS
We have demonstrated a novel simultaneous dual confocal LIF/C 4 D detector for microfluidic chip. The dual detector combines the respective response advantages of LIF and C 4 D methods to different analytes and facilitates the measurement of analytes with different physical properties, thus it enhanced the detection characterization of sample and could offer simultaneous response to ionic and fluorescent compounds. Moreover, the dual detector offered the possibility of simultaneous measurement on of one analyte in two different ways and would be very useful in daily clinical analysis for making obtained results more reliable. Additionally, the two detection methods were mutually independent and provided opportunities to optimize performance for both detection and separation.
